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In  connection  with  an  investigation of the  effect  of  nerve  injury 
on the calcium and phosphorus content of the blood, it  seemed of ad- 
vantage to ascertain the effect of section of the spinal  cord  at  various 
levels.  As far as we know, a  study of this kind has not  been  carried 
out. 
It will be remembered that about 50 years ago Charcot aroused the medical 
world by a clinical description of lesions of the bones resulting from injury to the 
spinal cord--from pressure of carious vertebrae,  tumors, etc., or associated with 
organic disease of the nervous system.  Not only the bones but  the  tendons, 
ligaments, and the surrounding connective tissue were involved frequently in these 
pathologic changes.  Since  this time a  variety of similar alterations have been 
described by clinicians and pathologists.  In addition to lesions of the long bones, 
stone in the kidney has been noted from time to time in conjunction with fracture 
or injury of the spinal vertebrze.  In 1895 Mueller (2) reported 10 cases of fracture 
of the spine, associated with prolonged paralysis, in which calculi were found in the 
kidneys upon postmortem examination; in many of these instances the compression 
was mild.  Mueller believed that the calculi had developed as the result of a lesion 
of the nerves.  However, as renal and bladder disturbances, as well as infection 
frequently accompany injuries to the spinal cord, it is difficult  to judge whether 
these factors did not play the predominant r61e in the formation of the calculi. 
Some pertinent observations made in  the  course of the  World War should be 
mentioned in this connection.  It was found by army surgeons that wounds in- 
volving the spinal cord, resulting in paraplegia, were followed often by calcification 
of the joints and the surrounding tissues.  By far the most complete report treating 
of this condition is that of the French investigator Ceillier  (3) who published a 
monograph entitled "Para-osteo-arthropathies" in which he detailed 79 cases of 
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this kind, occurring among 160 paraplegics.  The cases which resulted from bullet 
wounds, shrapnel, bombs, falls, etc. were studied by means of radiographs.  Cal- 
cification  resulted apparently irrespective of the level of the cord lesions;  the 
highest injury was at the second dorsal vertebra.  In all instances the lesion was 
severe, leading to complete or almost complete paralysis and loss of sensation in 
the extremities.  Similar, but less convincing observations were published from the 
records of the British Army.  More recently Meyer (4) has reported an interesting 
case of compression fracture at the eleventh dorsal vertebra with contusion of the 
upper lumbar cord.  Six months later symmetrical formation of bone developed 
in the connective tissue of both quadriceps muscles and the adjacent fascia and 
periosteal tissue,  and 10 months after the injury large calculi were found in both 
kidneys. 
EXPERII~fENT  S. 
Dogs were placed under complete ether narcosis and a laminectomy was carried 
out in the typical way, and the cord transected at the desired level.  The technique 
was not complicated and the animals withstood the operations well.  Following 
transection, the rent into the dura was sutured in order to avoid leakage of spinal 
fluid.  The level at which the incision  was made was checked  at  postmortem 
examination and at times found to have been slightly higher or lower than had been 
anticipated.  The bleeding was moderate.  A flaccid paralysis of both hind  legs 
came about rapidly and was associated at times with a transient spasticity of the 
fore legs.  The respiration and swallowing  movements remained  unaltered  and 
nourishment  was  well  taken.  Precautions  were  taken  against  chilling.  The 
animals were bled from the jugular vein before operation and as a rule  2  hours 
subsequently and at varying intervals during the next few days. 
The results of typical successful operations are given in Tables I and 
II.  The first shows that the percentage of calcium in the serum was 
9.6 rag. previous to operation, rising to 17 rag. 22 hours later, and was 
16.4 rag. 46 hours  subsequent  to the operation.  The  Kramer-Tisdall 
method  was  employed  for  estimations  of  calcium  and  the  Briggs 
modification  of  the  Bell-Doisy  method  for  inorganic  phosphorus. 
At  necropsy  the  cord  was  found  completely  severed  between  the 
first  and  second  dorsal  segments  except  for  a  few  fibers  ante- 
riorly.  A  similar  result  was  obtained  in  the  operation,  of  which 
the  details  are  summarized  in  Table  II.  In  this  instance  the  cal- 
cium  content  rose  to  13.2  rag.  2  hours  and  15  rag.  21  hours  sub- 
sequent  to  division of the  cord.  It will be noted  that  the  equilib- 
rium  of  the  calcium  was  also  markedly  disturbed,  that  for  some 
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the normal percentage of between 9 to 10 mg.  It must be added, how- 
ever, that these striking chemical changes could not be brought about 
at will.  In spite of the fact that section of the cord was made in three 
other animals apparently at the same plane, little or no fall in the per- 
centage of calcium resulted.  The probable explanation for this irreg- 
ularity is that although the operative procedure was seemingly identi- 
cal, the lesion of the nerve cells was essentially different.  Experiences 
of  this  kind  are  not  uncommon  in  the  course  of  experimental 
surgery on the spinal cord and brain. 
TABLE  I. 
Calcium and Inorganic Phosphate of the Bloog Following Transection of Spinal Cord 
between First and Second Dorsal Segments. 
Dog 1 
Mongrel 
C 
9.2 kg. 
Date 
1927 
2/lo 
2/11 
2/11 
2/12 
2/14 
Interval 
after 
opera- 
tion 
hrs. 
22 
27 
46 
Blood 
Inor-  ] Serum 
ganic P  Ca 
rag.  rag. 
I 
3.62  9.6 
2,98  9.6 
3.35  17.0 
3.40]  10.0 
i 16.41 
I 
Remarks 
Previous to operation 
Good  recovery.  Complete 
below level of lesion 
Milk feeding 
flaccid  paralysis 
Died.  Autopsy  showed  infection  oi  wound 
cerebrospinal  fluid  clear.  A  few  anterior 
fibers  of  cord  not  severed.  Parathyroid 
glands  normal  macroscopically  and  micro- 
scopically 
Noting that Ceillier attributed the calcification in his cases to an in- 
jury of the sympathetic nerves supplying the blood vessels  and to a 
consequent edema and hyperemia, we made an attempt to reproduce 
the effect of the bullet and shrapnel wounds.  With this in view the 
cord was traumatized at different levels below or in the neighborhood 
of  the  incision.  This  procedure,  which  was  carried  out  with  the 
animals  under  complete  anesthesia,  was without effect. 
In other instances, the spinal fluid was allowed to escape freely from 
the canal and in still others the nerve roots were resected in addition 
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cord was divided  between  the first  and  second  dorsal  segments,  the 
nerve  roots of the  first,  second,  and  third  dorsal  areas  were  divided 
likewise  on both sides.  A  similar  procedure was carried  out in  con- 
nection  with  the  division  of  the  cord  between  the  first  and  second 
lumbar segments, as well as at the eighth cervical segment.  It seems 
unnecessary  to  record  the  percentages  of  calcium  in  these  various 
TABLE II. 
Calcium and Inorganic Phosphate of the Blood Following Tramection of Spinal Cord 
between First and Second Dorsal Segments. 
~nterval 
Dog 2  Date  after 
opera- 
tion 
8.8 kg. 
Blood 
Inor-  Serum 
ganic P  Ca 
1927  hm.  rag.  rag. 
2/15  3.46  9.9 
2/15  2  3.60  13.2 
2/16  21  3.44  15.0 
26  11.1 
2/17  44  4.02  6.1 
52  3.86  10.1 
2/18  74  3.94  7.9 
days 
2/19  4  11.0 
2/20  5  9.6 
2/21  6  3.78  9.8 
2/22  7  9.0 
Remarks 
Previous to operation 
Good  recovery.  Complete  flaccid paralysis 
below level of lesion.  Incontinence  of urine 
Milk 100 cc. 
Wound infected.  Milk 500 cc. 
Condition  good.  Pulse  125, respirations  14. 
Milk 600 cc., bread 10 to 20 gin. 
Blood  CO~  49.95.  Condition  good.  Pulse 
116, respirations  60,  temperature  38  °.  Re- 
flexes hyperactive.  Milk 400 cc. 
Pulse  120, respirations  70, temperature  38.2 °  . 
Milk 400 cc. 
Temperature  38  °  ,  respirations  22.  Milk  250 
CC. 
Killed.  Wound infected.  No meningitis.  No 
pneumonia 
operations.  The  results  can  be  summarized  by the  statement  that 
there  was no  significant  change. 
In two instances the cord was divided in two places.  In one animal 
section  was  made  first  at  the  upper  dorsal  segment  and  some  days 
later at the seventh cervical level,  and in another it was cut first be- 
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third  dorsal  level.  In  neither  case  was  the  calcium  level  altered 
significantly.  In fact, among a  total of fourteen operations on  the 
cord at various levels, definite and striking changes could be brought 
about only. following section at the upper dorsal segments. 
It was thought that the disturbance in the calcium might be due to 
an effect on the parathyroid glands through the nerves which regulate 
their activity.  The nerve supply of the parathyroids has not been 
worked out with the same completeness as that of the thyroid gland. 
In order to test this hypothesis the thyroid and parathyroid glands 
were removed to observe whether the diminution of calcium which is 
TABLE  III. 
Thyroparathyroidectomy  Followed  by Transection  of Spinal  Cord at Third Dorsal 
Segment. 
Dog 3 
Mongrel 
9 
12 kg. 
Date 
19Z7 
4/19 
4/20 
4/20 
4/21 
Interval 
after 
opera- 
tion 
hrs. 
2½ 
5 
22½ 
24 
1 
5 
21 
Blood 
Inor-  Serum 
ganic  P  Ca 
rag.  rag. 
2.86  !10.i 
8.2 
7.8 
2.74  8.0 
3.52  i1.1 
3.51  6.7 
6.2 
Remarks 
Thyroidparathyroidectomy 
Pulse 80, respirations 60, temperature 38.5 ° 
Pulse 110, respirations 80,  temperature 38.5 °  . 
No tetany.  Sensitive to noises 
Section of spinal cord 
Hoarse barking.  Respirations 35 to 72 
Rapid shallow breathing.  400 ce. water 
500 ec. water.  Killed 
brought about by this means could be raised by subsequent division of 
the spinal cord at  the upper dorsal segment.  Table  III shows the 
result of this procedure.  It will be noted that 5 hours subsequent to 
parathyroidectomy the serum calcium had fallen from 10.1 to 7.8 mg. 
per cent, and a condition of latent tetany had developed.  The follow- 
ing day the cord was sectioned at the third dorsal segment.  One hour 
later the calcium had risen to somewhat above the original percentage, 
namely to 11.1 mg.  In other words, the rise in calcium which followed 
division of the spinal cord was not to be ascribed to  a  stimulative 
effect on the parathyroid glands and appeared quite independent of 
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It is impossible at present to explain the marked alteration  in  the 
percentage of calcium resulting from section of the spinal cord.  The 
only procedure which is known to produce a  similar  effect is the in- 
jection  of parathyroid  extract.  It  would  seem as  if the  alteration 
must be due to a disturbance of the sympathetic system.  The anat- 
omy of these nerves and centers within the spinal cord has not, how- 
ever, been determined with sufficient accuracy to enable one to esti- 
mate the validity of this interpretation.  Some years ago Biedl (5), in 
a  paper  on  the  splanchnic  centers,  described  spinal  centers  of  the 
sympathetic  at  the boundary between the  cervical and  dorsal cord, 
concentrated  mainly between the  eighth  cervical and  second dorsal 
but  extending  down even  to  the  fifth dorsal  segment.  These  cells 
varied in their sites within the cord at different levels.  More recent 
anatomic studies of the spinal centers of the vegetative nervous system 
have  served to locate  them in  the intermediary  lateral  tract of the 
cord.  According to Mueller (6), who recently has reviewed this sub- 
ject, no studies of these cells have been carried out in cases of tabes or 
of syringomyelia.  It would seem that at the present time little can be 
gained by bringing forward further hypotheses in connection with the 
phenomenon  which we have described. 
CONCLUSIONS. 
A marked rise and disturbance in equilibrium of the calcium in the 
blood was brought about by section of the spinal  cord in the upper 
dorsal  segment.  This  reaction,  however,  was  not  constant. 
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